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(54) PARALLEL SORT DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To shorten the parallel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82, and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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i mm 1 1 v - h«n«A*f- y £t§*<rt£ »- 

n -y ?frt>tnh* b y y^&si^iy- h/^-^'jn.g 
#IS]jm b T'£j£$ii67. h y yy '£#ftt £ y- h/ 

y- b/-7-^so+^F5P B 6 t'±E$^i»^ h y yy 
matt%tmi$ifrt>%z> v-bm* h y y ^'±ieii^ii 

wIEa—WZiXEtt^^AAT-^fiDBrSR^n >y y*> 

may - b/~?- ismmmmmcox b y yy£ y - h 
/~?- : Jimix&s$. lizmx&x b y y^Srmiay- 

h y y^±Efl«S(c«ttL. **^i«By- 
bftx b y yy±iMHi«<?3.x r y yy £ y- b/i- 

ixmttx b y y^Srmiay- h/v-^± 
iefiffittit^jii-rsy-h/v-^st, Sr^xo* 

tuffiy- h/v-^awwEy- s/v->>ffl±ieii 

ffi®<DX b y yX£y- LT^fiStf l>#r 

le-liffl^^ h y y^zma Lx^th^-^yn-r 

n y 7 & MBmSl^ta^ BU MS* h'jy 
^tlf^IJ SU 4>*l& 7n .y 7£fc£|f I < § <fc 

friey- N^rx n y >yMmffi.®<n*-^7u-y'n 
•y y 2r i3£#mfi«(c m eg & » * «ofc*>» & as u % 
& Wimiiey- f^x h y yy±ffili^$<7>7 h y yy 
*y-h/v-s/«w mes«su<cj:*2 
£ 7o y 9 s- , Buief^«JS*^M^ai ixx b y 

£m7ct&Zb<)>7'W%iiil/mfr&fr¥®i:. &m 

t&zt znmtthm y - hiss. 
t-t&mm i te«<7)^i|y- h^a„ 

[000 1 ] 

imxomhtkmm) z<&mi. v-b/i-v 
^it^mmt mmz.mmzttim$i2tix 

[0 0 02] m&T-f^-Zi'ZT^faBX'V-T < 



[0003] ifi*FSIJBft3*iT^4Mfl5'XTAT»i, 
iieitS-jaS^ i/a.-frtfg&th shared ev 
e r y t h i n gffltf)7-*T?*-vT\ -TOfSajKiflJ 

§4.^, ±tett*#W Unshared 
n o t h i n gMT'i . #ife£*y 'J 7-*-r?*-* 

[0004] 

[ft*<y)i$«j] z<7&WnmtftW<vXHLZWf&k. 

[1] W03-071227 

[ 2 ] B i 1 1 o n D. , et a 1 : " P a r a 1 
lei Algorithms for the Ex 
ecution of Re 1 at i ona I Data 
base ACM Transactions on 
Data-base Systems, Vo 18, No 
3, September 1983, pages324 
-353. 

[3] flJHIGfe, ffig?*-: "NonStop SQL 

cor-jff-yf-v . mmim. V0133, Noi 

2, pages 1436-1440*^1). Ztlt><7)J: 
[ 0 0 0 5 ] 3dtt [ 1 ] fciftff , ±IE« (^fim ) K 

*«r*s*<oy- hoa&ttsny- h tfftx, 1 

y-h7*-Xi:Log (n/m)|Hl«7-y7i-X 
«rt-oT»J«S*l6 [^Ci;ic04S:] . #7x-XT' 

^^T-^ty-h^n^m^to. 

<y)i7';l/-7°*%fig-ri. . ,l<y);7';L— 7°$-A bV>7't«¥ 
J£Z\kb-t&. tzbtM, y-h7x-X^7l$<0*h 
yy^lHWis ft*n/m-e*6. JWtV- h<7)ttfig 
(± , y - h 7 x -X fc -7- V 7 x -X* I, V y? c7) v 

-s/x x - xia-cr- y stts l «: -thimmmzm 

* 0 . f^l«WtfeV^& I/Obound -c*s ) 

xt -7-^7 x -xo)stt«LSr , fieeen -y f > 
y-thzt x\ mgsim^v h-r&^t y**H-# 

3 0%*^8 0%Cc7)B#raS-^hf 

&m*Lx^h. zcvumizxtuf, v-bwmizmm 
9 l < 4mw l . mmmsmnx* y u-^ h y 

KieiStc* * tB L . <^^-7- i/7 x - XTJi±8E*t=a 
oT^Sx h'J yX*^5!iS-ri><Ii:t-f^ffliSA^<y) 

stc^-cAs. ^fcz»:ieii^*#fcL(±A^r-y 
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[0006] — »/- h ^arot 
v^yizmitzMtiK [2] K^SfiTv^. 0 
5J4 [£iSI2£)H3 34] *>^lfflL£MiJ2>7x4 v 
-i/y-hS:^-fSET\ SUB OPT I AM L 
S T A G E t O P T I M A L S T A G E jfi— -?<5Df" - 7 

9 l^S9 4 5rrD-b ?V9 5^9 8TV-M.» Z 

Wtmmz&7'a-k -y-^9 57b^. 9 8mz 1 
X h U y 7*9 9 \,Z~?-=JLX mi 2*73.4 

ffil&Z tltzW£7"v*: v -tf-T'V-v'-f 3 d t X' ( P O S 
TOPTIMAL STAGE) , l^(7)V—hi$tltz 
&%£'&lZttfX'%&. 

[0007] rmT-^K-x^xy-Mznif^mim 
miMmmco-mzmkwizftffiLxtemixiiZ . # 

JWr*rt£«-Cfc< , ^-t yfSOSfll^a'Sfc* 

r-^lKfraF 9 ^iJV- hOOPT I M 

AL STAGEtPOSTOPTIMAL STAG 

e rnx-M i> r- 7 7 wmmTZ 

[0008] 

(47?x7I/^7-*f-?^£^M?iJV:/y±T'M 
?ijy-h*5g£Hff-tl.%£?)|8]S(i. SUBOPTI 
M AL STAGE, OPT IMAL STAGE $rf@ 

*<7M&v-bkx.%L. &mzj:ffi [ i ] num&m 

mitiig&. &ftw/-vx-m&hftmmi<7)zmz 
tmmv- h<7)&mx\ mv- v±w<7>®mtfm\ 

J rcrffim££.frLX^%^. m<?>ft&V - b^i V £ 
W£\t-ftifrt>X'hh. 

I 0 0 0 9 ] *M»y- #7 x -XT'|5]-T- 

7fcR-f SZ&iEtS^O i /OEBSIiK^r 2JKT**. 

*««j&»s>«ott»ai lt* o . i miitmrnm^T- 



»tctt. y- b/v-vmizm*) ^x&Mm&zim 

fcW 0 it S>ixfc±ia«JiJI&7 ? -b^ 4: * h . 
[00 10] iOUBBtli. M?iJy-htf)SUBOPT 
IMAL STAGE, OPTI MAL STAGES' 

^y-ht^u. immtmm*)%x 
&iv- Koia-ciaa 3 ; t x\ ~?- : J7x-x<d 
xhv y^x-2mm^hm^ihty'o >y?m&x h 
y y/t-^ftL, mm^i-h^v -bmjmm 

[00 11] 

7-?<-x<r>ffi£&m£<n&mwmx\ v- him 
v*x'&. i h>m&m<r>K% <o zmmzvm-ti zttz 
[0012] z<mwc?>. y- bttm^Aj) 

b y yrb&wtv- h/^-xjaao+iafWc^a 
s/isx h y y^zm-fi y- h/^-^'ffl±isfS« 
«t . y- h/v- j;»i«+iBSiirr4«s#i4^ h 

'J y^tSttfflH!l^^-^'7D--ri,7o ^ ^SriB«S 
ZtiZ'tiTMffil. mtlV-b/-7-'Jmi.Wmmff) 

XbV yy%V- LX£j&t %>%\tz%X 
b y >^**Sli^4l»SE*Stt««*»fe'flr6 V- b&X h 

uy^Mmmmt. m^-nz.mmt^xtiT- 

?<F>nim.7'v-v9ti>t>ts:hXbV yrzmA-UALXffi 
!By- h/v- >?ffl±lHtt««fclS#rf 4 AttJ*#S 

h , fnev - h/v- i^iieit^ox h y y ^ v 

- h/-7-v^SLT4^L^fr/L^x h y y^mii 

v-hmxbo ymimmmizfeto i . * § v ^4 me 

y- h^x h y yy^Mmmny. b y y^'5r y- h/ 
■e-yjaa L-cfrfc&x h y ynmiv- b/-?-i; 
mMi'mmzim-thv-h/-7-=j^n.b. z-k? 

o -fe x Tift* LT ^ I) M5'J y - MlSfcft o T , mflSy 

- h/v-i;^Bbw»ey- h/^- vffl±ie«is«« 
x h >j >^*y-h/-7-s;«fflL.T4jjt-r4*3t i 3f^ 
h y y^7n •/ ^SriJEy- h^fx h y yfMmm 
mcox b y y^CjljDLT4tl)^-/N'7o-7*a y 7 
£lifffif«««fc:{I&tt;t4 i * . miix b >) y?'tix 

?ti<r)mmtt>ixh7'u-v9®LzmL<-r&£o{zM 
m-tmmm$. ! m^t . wney- h y 
K«fflW05r--''(7 d-7o y 7 5: Bfrief^^tciuie 

S^^^^cftS^tiJL. *S^J4mifEy-hSf7.hy 

yfM&timmnx b y y- h/^-^ati. 

t^. miI£a§JAitc < tl»SI=7'D y7S-, Hllie^^ 

*s*»^a*ajLT^ h y yyzwtt hx h y vt'*^ 
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[0013] v-h<r)ttmt%&T-?&. -mm<r> 

F;r£iW7'ny?£Xhyy/fcLTiR9aj£fu 

->fc/,|*jSy- h*«£7l/CdfejR$*iS*rfc$rX HJy 
^ttffl^rn-tx-cy- h 'J y^ffl±Kllffl« 
v-hmx h y yfmMmcoA h ] jy 

Wt4>ft4. y- h/v-yjfl±E*ffl«fc«-*tf>rn 
•fe XTSrfcfcWj t — * #iJl*ai § *i 6 i <7)!%m 

h/v-y'ffl±fBlif§J&7)X h U y/t^n y ? 

inswap .^hyy 7X-W. %Mi7v>?7 

[0014] -7-x'7x-XT'Ji. y- h»x h y y/ 
ffl±iBiiffltfsc7)ii»:y- h&^x h y yy*mz& o ta 

i&y'a-kxtffttfzuzikxox h y y^mixmm 
■tt. -?-mmtf%.7Uzi><rM. mmrnxmnt 

fcPOSTOPT I MAL STAGE^l fcjg £ix 
S. -TfUi. R-v^yrt-ciatLTt>J:^L. Si-vis 

yizmmLxmmtxhxw 

[ooi5] ±iEiMp«f fc, y- h«rx b y y^mMz 

&(V7n>y?! l z££tfX°Zt:1gr&. Xb VyfmZftl 
/D -y ? t |3] tX h 'J y?X"<!ttZ%mt h7a y? OfSE 

-s^aii. y- hapxh y y7Mmim4><7>x b y 

OWtftlZ iot. #7D-b^ * J Z»351tW f^^JS* 1 6 

m^na-ya y ix . yn^xtaviwv 

[00 16] 

[0017] d^HB<0-HiS^1SiS^*-r@l Sr# 
K-fi, t . MJijy- hgS 1 ft2mTn-txX'mft-t 

tmm®3 1 , 3 2i,zm.*-iktstz#><n\&?i$m t . 



l , 3 2±.X'V-bfo&\m-?- : JLX%il^x h y y 
^*4j«w*y-h/v-5;#s4t. y-h/-?->-' 

*R4 KJ: oTV- h S*ifcl6*T*S* h 'J y/5 1 

7!>s 5 4 s-st s y- hax h y y vmMimm 5 
t, *jiT-9<?)Mtf&<* v-hmxbvy?m®5 

ffilX. xhVy?'5lJbm5 4 Xt'coy'u -y ^ 5r«r/c 
^7'n y^c7)S#ti^fflt LTiMtRt-SA^^S-tl.^ 
SHBWBS* S 6 1 , 6 *^ Ltzy 

ay? £Tv-tXttm(?)imm®8 1,82 ft? 

xwyymzftL/mz-ik^mt. tmt*. 
[0018] z\<om&mx'ii. &mmmcoy-ttxtf 
v-bsmzixnxbvyrbLx^z. ztm, m 

*g*BT^JtM^jy-K7)SUB0PTIMAL S 
TAGE, OPTIMAL STAGECffiS-fS. ft 
»WK:#7'n-bXT«iaUfey- hiff^ h 'J y^*^ 1 

•S^S* 1 *) S . Khr—9 2 1. 2 2 1 y- h/V-i/ 
ffl±IE1SffilS3 1 , 3 2 1 , {f^«8 1 , 8 2(±#5'J 

jBwsffiwmt^mu v-Y-mxbvyrm 
±imm® 5 <7>*tf* wwmnmtztzsM tarn 
®x'hii>cotLx^h. imm&8i. 8 2^>. y- 

b/V-5/ffl±IE«S«3 1,32 

[ o o 1 9 ] &tc. zvmmnv- y?-^mMm 
mmi, 3 2t, v-hmxbvymMzim®5 

6 #v- hmx h y yymixmmm±.<nx v g y^ 

5 lJ 1 jM5 4c0i;-V)7"Py^&a§^^l»^(7)^5g^rffi 

* si B J u , at y - f m x h y y ^ffl±ieiiffi^ 5 

# 70 -y ^ *>m L?t«^. x v y y/## aj L/m 

tBt«57^^7"D-y^^Z»:ffi1iC0fl5^«8 1 , 

[0020] it-f ±IE1SKB«wi»-'f Xoifc^^ra&ittBB 

■rs. y- h/-?-^ffl±iaitJiXD-b^nw^is«T' 

WXZmbthb. —?e>Ta*Xtf£.tiZ?hy-h 
gfx h y y ?<r>mt&±X' n/mt^. v- y 
MaA^k-ti.^^ y*(i, «yi««ox h y y^'S 

y y^Ji. fmro*xfrML/;x h y yXfJ>l. t 

^-y'JftaT'^g^ilEliS^f (n/m) 

m= f ( n/m ) 

t 'J &m£$ifetZ> Z b tfMt L^. tzb U£, 
f (n/m) = n/m(T>ir-x^^l6t. ±i^(im = 
n/mt^rO. m=root (n) bttl,. ±M(T) X 0 
IZ. y-h/^-^E±ffi1g»MXtt. -v-y-riv 
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[oo2i] mz. mmwma&mto-fv -y 
mmmtwffixmszpmL. yv-y?w.*Wii<rffl 

ft*ffl i ftf&m2 (a) . B2 (b) . H2 (c) . H 

2(d) zmmtx. mmwsm^6izj:mm 

z.7)VzfyXJ»*W s ftth. 32(a) 7^02 ( d ) 

x-it. v-hNmms&k ix Ah v>? 5 mm5 4<?> 

«tt 5 fcsfiqfr*- h 7o „ 7 12/D7 9-ftX'fo 

T. 7o-y7cDH£8i;t#fg4iU V-«Xb'J>/ 
ffl±IE«fR«5*»fefK(l««8 1, 8 2fc«SSI£TSa 
vtfiSft*: 7u „ ? (iM«ffi 0 }f LTW-r t IZ? h . 
02 ( c ) . 02 ( d ) X\ MZWilWLtli. ZCDBM 
*)Wu>v7®X'hh. HOttt, 02 (a) , 
( b ) ■CfcjSE'CSSfl-O^ y- hjgx h y vytLWL 

7o -y 7<i. ^fJWyiT&dtSitS^j&O.* h 'J 7 7"£> 
7o -y 7 T** I) . X Ml y 7 5 1 1 X Ml V 7" 5 2 liT 

n-tx i 5 #y- hjHLfc^ h y yyx-h 0 . flw>-? 

- S^fflT't 7*0*7 1 5#teffl-fl>. 7. M 775 3 
bxbVyy5 4liTX3-bX 1 6**7- h&uiL/t7 h 

[0022] 5fe"f"02 (a)HXf'J 775 37>±j£ 

h»x Mi yyMmm®5<7)i 2 70 
■yfMzxhvy ?imt> htu^miiTPLx^h. z 

7>B#*T\ 7 h y y75 1 . 5 2, 53 <0£-C<9S#J8 
0 ±S& Lfz 7n y 7 ZUSm 5 tcHM 

■n>t#. 03(c<tn(f, iwMo^owit 

&->T^I>7M 77*5 tflBtWCaBJttSW 

x\ mzt&tttmt lxx v 0 y^5 1 imstti u 

T776 1 ) . 7MI775 IOI 7"D-y^SrS#mi. 

fc*£t=y- h -j yymMtmzmby'n y 

ftteth ( 1 0±X'$)& ) <r<07 h >J y?*<ogf& 
'c<R3££ft*:gB# (02(7)5 1 3 ) tfl&SUoattfci 
&o7t.Ii:£iKLTV>!) (Xt 776 2<7)n o ) . & 
fc. 7o-y7 HI£gW7>ti. £-C«y-b7.hyy7" 
a*£j££ii£&<7)7 h y y^v-i/'JftSSrUff-f 
rttcti, £T?>7 I- 'J y77>ft&/b£nffi£-£tf7oy 

h%x b y yym±&wm5&tr&rt<m 

WhhfrbX'hh. 03c7)7;U3' (JXAt X . 

4*±xcr>x h 'j yycQWZfimh^tzm&cDimzm 

2 (b)(,Z7n-f. X\->)y75 4<7)7nv?\±. &M<7) 



xyv yym^t^zm. itzmomm tm 5 1 

2, 51 3, 522, 523, 536, 537, 54 
2, 54 60B§a^tJ:oT. 127D7?rt« 
5 1 1, 52 1, 53 17!;M53 5, 54 1, 543J 1 ) 

^545, 54 7fc*w>iJ,tiTv^s. 

(i, 03tfOXr-y7-6 2c7)^ft*^. I2(0/Q7?5 
4 lT«fB±L*V^. 02 (b) C«fc*Uf«iRWK:^T 
COX Y- 0 y?'TWP®imtf2t%>0. m&ltit^ 7' 

znztii. v-v^a^ya-bxi 5fcJ;iX7 
n-bx l 6T'^S : Sr^*^8 1 , 8 2frt><rMMi\. 
Wbffm I < ts: 0 , #7*o-feXT'<9v->%3&7lgf|g 
*^t^r 4 i *&M-f i . V-b&XbV y?"Ml 

immsizxbvyT'WdEj&.ztix. yu-yfzszm 
iifcftcti, y-h^fx h o yj7"ffl±ieii5c7)g#^ 
^.M^fc 5rl> 7a <y?%xbVy?'m£iii L/mfrti L 

*s 7 xmm® si, s 2 (c* & drt-aBtffc « . # 

mx b y y 7 , mi%i®mmz 1 70 7 7««^ i.b# 
^cf) 03^7^3'yxA^afflL. mzmmi 

imSL Lfc*^t«* »i 4 7a -y ? UJ LS* S 
tt!LTfc<^fct\ A*T-*a»fe«SE*fflL:fcJ:tfy 
-h^It^ffl«8 1 , 8 2^07o-y^c?)ff$tiiL 

t*# I) . ?-j/'7i-Xty- h y y?'m&5<n 
I&h7n-y? (OWStfiGT L, -e<07a >y ^ ijffl nj 
ffii: * o 7 h y y7"#^ ffl L/IS*ii^S7 
* i t"c07a -y 7 £f£JgiI$8 1 , 8 2*»fcR*tU-r*»S: 

[0023] 5fe-f02 ( b ) ^v-^acogite^T 
*> S . X h y y 7"## Hi L/^a^^g 7 C7)7a -y ? 
jM»?a^ S-^-f7a-f-v-hT$>|.04tJ; 0 2 

( b ) T\ Tu-tx 1 6(7)v-vMa^*afi : L. 7a -y 
753 ltfrnzftitzti-l. ZZX\ 04COicy)7O 

x\ s#^7o-y7 5 3 1 ttzM&iUtammt&wv -y 

02 (b) C05 3 6, 5 4 2*»4>a#»i4>^ 
7o y^T\ C1C03*>54 2immiXh r ). 5 3 6(i 
8EBI5T**Ct*»4> (Xf777 1 , 72K7N'J 
ySmZtii l/m&&fr^®7 l±7o >y 7 5 4 2 £8^ 
Hit (7r-y77 3) . ^tfOH. v-i/JKUi. 02 
(b) <07o-y7 54 1 . 5 3 27)^t'^-ri>. - 
2i\ 7'O-fe^ 1 5cO-?-vj!JlS*<3lfi : L7'o y7 5 1 1 

tf&iztotzttht, mzm^tbt^yov^iim 

2(b)<05 1 2, 5 2 2T-a#»i.^>iX^7o y^T' 
£9, #«SBiJil=5:<7)T% i^7hyy7^<7)7 
o y 7 T'ft 4 5 1 2 *<SSAa3 U(0*f^ 1 5rl> . 
[ 0 0 2 4 ] 5rfc. C OUSI^Tii. 77;Uy< y 7 r 
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BW x 7 rm^iSS-TI. £ t X\ f"7)W*v 7 7 lz£ 

i^t^mttiztfcti. tit m3<ox 

*. 

[0025] 

7u -y m*imiz%& x 0 izmmtizt izx-? 
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